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ABSTRACT As part of a 3-year project sponsored by the Naval Facilities Engineering Command
(NAVFAC) and Office of Naval Research (ONR), eight prototype three-phase amorphous metal
core distribution transformers (three 75-kVA and five 150-k VA units) were installed at the Public
Works Center (PWC) Pearl Harbor, Hawaii. The program objective was to evaluate the electrical
performance and operational reliability of ithe amorphous metal core transformers compared to
conventional silicon-steel wransformers, and to determine the stability of the transformer core
losses over an extended pericd of time. Three years of test and evaluation of these amorphous
transformers has shown no degradation of the initial low core loss. No failures of any kind
occurred. More importantly, test results obtained from these transformers indicate no long-term
degradation of the low core loss is expected. No-load losses in the 75-kVA transformers tested
were reduced by 62.6 percent and in the 150-kVA units by 70.1 percent. Distribution transform-
ers are an area where more efficient materials, such as amorphous metal, significantly reduce core
losses and help to lower the total losses on the distribation system. These eight mlatively small
three-phase transformers have been in operation at Pearl Harbor for only a few years, but have

already produced energy savings of approximately three thousand dollars,
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INTRODUCTION

The Naval Civil Engineering Laboratory (NCEL) has recently com-
pleted a test and evaluation program for 75-kVA and 150-kVA amorphous
core distribution transformers at the Public Works Center (PWC), Pearl
Harbor, Hawaii. Results of these tests compare very favorably with
industry projections of 60 to 70 percent savings in transformer no-load
losses for amorphous core distribution transformers.

Amorphous metal is produced by a process known as rapid solidifi-
cation. By spraying molten metal in a cold environment, tiny particles
are cooled at the rate of one million degrees a second. This process
freezes the atoms in place before they can align in a crystalline
lattice, as happens with glass. In glassy form, a metal can possess
properties of strength, conductivity, and magnetism that are entirely
different from its crystalline form. Rapid solidification creates a new
state of matter; metals with new structures; and new properties of mag-
netism, strength, and stiffness.

The technological progress made possible by this advanced material
in the amorphous core distribution transformers at Pearl Harbor, Hawaii
resulted in reducing no-load losses by 62.6 percent in the 75-kVA trans-
formers and by 70.1 percent in the 150-kVA units.

BACKGROUND

In January 1987, the Public Works Center (PWC), Pearl Harbor,
Hawaii initiated a transformer replacement program involving 126 PCB
contaminated three-phase pad-mounted indoor and outdoor distribution
transformers. The Naval Civil Engineering Laboratory (NCEL), in
investigating Navy-wide costs in energy savings, contracted with the
General Electric Company to build eight prototype three-phase amorphous
core distribution transformers (three 75-kVA and five 150-kVA units) to
be included in this transformer replacement program at Pearl Harbor. At
the time of installation in 1987, these units were the largest com-
mercial grade amorphous core transformers in the world.

This report chronicles the performance of these transformers over a
2-year period of operation on the utility systems at Ford Island,
Barbers Point Naval Air Station, the Naval Shipyard, and the Naval
Supply Center at Pearl Harbor, Hawaii.

The main objectives of these field tests were to determine that
there 1s no long-term degradation of the initial low core loss and
exciting current due to aging of the amorphous core under normal
operating conditions.



INSTALLATION TESTING

NCEL's operating experience with three-phase amorphous core
transformers on a distribution system began in October 1987 at the
Public Works Center (PWC), Pearl Harbor, Hawaii. The eight amorphous
core transformers that were installed at PWC Pearl Harbor were built by
the General Electric Company. NCEL monitored the entire manufacturing
process of these transformers prior to their shipment to Pearl Harbor,
beginning with the design and construction of the amorphous cores at the
Hickory, North Carolina facility and culminating with the final assembly
of the completed units at the Shreveport, Louisiana plant.

The following commercial tests were conducted by the General
Electric Company according to ANSI/IEEE C57.12.90-1980 standards. These
tests were conducted in order to determine the transformers electrical
performance parameters prior to installation and further field testing
at Pearl Harbor, Hawaii. All tests were conducted at the Hickory, North
Carolina and Shreveport, Louisiana plants.

Ratio Test

e (Objective: The turns ratio of the transformer is the ratio of
turns in the high-voltage winding to turns in the low-voltage
winding. The objective of the ratio test was to demonstrate
that the ratio of turns in the high-voltage and low-voltage
windings was correct, so that a given impressed high voltage
would produce the expected low voltage, according to the ratio
of high-voltage winding turns to low-voltage turns.

Polarity Test

¢ Objective: The objective of the polarity test was to demon-
strate that the leads and polarity marks on the transformer
reflected the actual arrangement of the transformer windings.
These data are particularly important when two or more trans-
formers are operated in parallel.

No-Load Loss/Exciting Current Test

® Objectives: The objectives of the no-load loss and excitation
current tests were to determine: (1) the power loss in the
transformer when operating at rated voltage and frequency, but
not supplying load; and (2) the excitation current required to
maintain the magnetic flux excitation in the transformer core.
No-load losses include core loss, dielectric loss, and loss 1in
the windings due to exciting current. Both no-load losses and
excitation currents should be determined using sinusoidal
sources, or by correcting for the applied source waveforms as
described in Section 8 of ANSI/IEEE C57.12.90-1980.




Impedance Voltage/lLoad Loss Tests

Applied

Induced

Audible

Objective: The objective of the impedance voltage/load loss
tests was to determine the voltage required to circulate the
rated current under short-circuit conditions, and the associated
watt loss when the source was connected to the rated voltage
taps. The impedance voltage consisted of an effective resis-
tance component corresponding to the load losses and a reactive
component corresponding to the leakage flux 1linkages of the
windings.

Voltage Tests

Objective: The objective of the applied voltage tests was to
stress the major components of insulation, and the major in-
sulation between the windings and ground. Two types of applied
voltage tests were made: high-to-low-to-iron-to-case (HLIC)
applied voltage tests, and low-to-high-to-iron-to-case (LHIC)
applied voltage tests. In the HLIC tests, the test voltage was
applied to the high-voltage transformer bushings (which were
tied together), and the low voltage bushings (which were tied
together and grounded). 1In the LHIC tests, all low-voltage
bushings were tied together and connected to the source voltage,
and the high-voltage bushings were tied together and grounded.
The HLIC tests stressed the insulation of the high-voltage
windings. The LHIC tests stressed the low-voltage windings.

Potential Test

Objective: The objective of the induced potential test was to
stress interwinding insulation structures, as well as portions
of the major insulation. The test applied greater than rated
volts per turn to the transformer, so that it was run at higher
frequency (400 Hz in this case) to avoid core saturation.

Sound Level Test

Objective: The objective of the audible sound level test was to
determine the audible sound emitted from the transformer when
operated at rated voltage and frequency, and no load. Sound
level measurements were significant because excessive sounds
from transformers can be an annoyance in residential or other
populated areas. Also, excessive sound levels may indicate
apparent problems 1in the transformer core, such as loose or
fractured core laminations. A sound level meter with an A-
weighting frequency network was used for the measurements, since
this type of weighting best represents the ability of a remote
listener, with normal hearing, to hear the complex sounds
generated by the transformer. The tests were conducted 1in
accordance with the procedures in Section 13 of ANSI/IEEE
€57.12.90-1980.




Radio Influence Voltage (RIV) Test

o (Objective: The objective of the RIV test was to determine the
amount of R1V produced by the corona (local overstress) in
transformer insulation. RIV, as the name implies, may cause
interference to radio communications. Excessive corona may also
be an indication of insulation breakdown. The tests were per-
formed with the methods prescribed in NEMA Publication TR 1.
Tests were run at 100 percent and 110 percent of rated voltage.

Short-Circuit Test

¢ QObjective: The objective of the short-circuit tests was to
demonstrate the ability of the transformer to withstand the
stresses resulting from a short circuit applied to the trans-
former's primary or secondary terminals. The tests were con-
ducted by either closing a breaker at the faulted terminal to
apply a short circuit to a previously energized transformer, or
by closing a breaker at the source terminal to apply energy to a
previously short-circuited transformer.

Temperature Rise Test

e Objective: The objective of the temperature rise test was to
determine the maximum temperature rise (above the ambient
temperature) of the windings and the insulating fluid in the
transformer when the transformer was operated at maximum kVA
rating. The temperature rise test was conducted in accordance
with the procedures in Section 11 of ANSI/IEEE C57.12.90-1980.

No-Load Loss Corrected to a Sine-Wave Basis

Because no-load loss and current are particularly sensitive to
differences in waveshape, no-load loss measurements will vary markedly
with the waveshape of the test voltage. The correct no-load loss of a
transformer shall be determined from the measured value by means of the
following equation:

P:.i__
P+ kP,

This requires both an average and root mean square (rms) responding
voltmeter be used to correct the measured no-load losses to a sine-wave
basis.

After receiving the eight amorphous core transformers at the Naval
Shipyard at Pearl Harbor and prior to their installation on the distri-
bution system, the following tests were conducted by NCEL personnel in
order to insure that the transformers were not damaged in any way during
their shipment from the Shreveport, Louisiana plant to Pearl Harbor,
Hawafi. No-load loss and exciting current tests showed changes of less
than 1 percent from the factory test results, while the ratio and
polarity tests were exactly the same.




Figure 1 shows the complete test setup in Building 166 prior to
field installation. When no-load loss, excitation current, ratio, and
polarity tests were completed, the amorphous core transformers were
loaded on flatbed trucks as shown in Figure 2 and permanently installed
at various sites throughout the Pearl Harbor complex. Figure 3 shows
the final installation of a 150-kVA amorphous core transformer at the
Naval Shipyard, Pearl Harbor, Hawaii.

TEST METHODS
Correcting No-Load Loss to Sine-Wave Basis

ANSI Standard C57.12.90 requires that no-load losses be determined
based on a sine-wave voltage. Furthermore, it recommends that the
average voltmeter method (which requires both an average and rms res-
ponding voltmeter) be used to correct the measured no-load losses to a
sine-wave basis. Both voltmeters are required because the no-load loss
is very sensitive to the waveshape of the test voltage and different
waveshapes will result in different losses.

A1l amorphous transformer testing at Pear] Harbor was accomplished
according to ANSI Standard C57.12.90 using a Yokogawa Model 2533 Digital
Power Meter, which incorporates both an average and rms responding volt-
meter. The correct no-load Toss was then determined by means of the
following equation:

p = n
TR,
where P = no-load loss (watts) corrected to a sine-wave basis
Pm = no-load loss measured in test
P] = per unit hysteresis loss*
Pz = per unit eddy-current loss*

*If actual percentage values of hysteresis and eddy-current losses are
not available, ANSI standard suggests that they be assumed equal,
assigning a value of 0.5 per unit:
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Figures 4 and 5 show a Yokogawa Model 2533 Digital Power Meter and
the different wiring configurations that were used to test the three-
phase 3-wire and three-phase 4-wire amorphous core transformers at Pear]
Harbor, Hawaii. Figure 6 shows a schematic diagram of the Digital Power
Meter connected to a three-phase 4-wire amorphous core transformer under
test at Barbers Point Naval Air Station. This testing procedure was
strictly adhered to in testing all amorphous core transformers at Pearl
Harbor.

It was necessary to use a generator with multiple output load con-
nections to supply rated voltage to the secondaries of the transformers
under test. These load-to-generator connections and the generator con-
nection schematic diagram are shown in Figure 7. The required voltages
needed to test the eight amorphous core transformers were:

1. Three-phase 4-wire 120/208 WYE.

2. Three-phase 3-wire 240-volt delta.
3. Three-phase 3-wire 230-volt deita.
4. Three-phase 3-wire 480-volt WYE.

These various output voltages are precisely controlled with a
potentiometer in the control circuitry of the Onan 7.5-kW generator.

Field Site Testing

Field performance was monitored at l-year intervals over a 3-year
period. The purpose of the field tests was: (1) to evaluate core loss
and exciting current stability, and (2) to conduct the most widespread
field evaluation of three-phase amorphous core transformer performance
to date.

NCEL 1initiated a test program to evaluate the stability of the
amorphous core transformer. The following parameters were recorded over
the 3-year period:

1. No-load losses on each phase (watts)

2. Total no-load loss (watts)

Corrected no-load loss to a sine-wave basis (watts)
Excitation current (amperes)
Percent excitation current

Root mean square (rms) voltage

~N O G 2w

Average voltage

o

Ambient air temperature




9. O0il temperature inside transformer
10. Maximum oil temperature inside transformer

Following is a 1ist of the stations along with the size and loca-
tion of each transformer tested on the island of Oahu, Hawaii:

Station Size Location

TF-9 75 kVA Ford Island (B-99)

BP-B169 75 kVA Barbers Point Naval Air Station (B-169)
TD-10 75 kVA Ford Island (B-181)

K~-28 150 kVA Naval Supply Center (5-959)

B1dg-166 150 kVA Naval Shipyard (B-166)

TC-7 150 kVA Ford Island (S-258)

C-11 150 kVA Naval Shipyard (B-393)

BP-B91 150 kYA Barbers Point Naval Air Station (B-91)

These transformers have been in service for over 2 years with
little change in no-load loss and excitation current. A summary of the
test results of the amorphous core transformers performance on a dis-
tribution system measured at intervals over a 3-year period is shown in
Tables 1 through 8. Tables 9 and 10 show the results of the same test-
ing procedure used on conventional 150-kVA silicon steel transformers.
Table 11 shows the results of a World War Il vintage transformer that is
stil]l in use today at Pear]l Harbor, Hawaii. This transformer had no-
load losses of 888 watts compared to 87 watts for a amorphous core
transformer of the same size. The amorphous core transformer showed a
90 percent reduction in the energy consumed by losses in the cores of
the distribution transformers. This transformer core loss is power
which must be supplied every hour of every day. By locating these
amorphous core transformers in critical areas throughout the Pearl
Harbor complex, PWC Pearl Harbor has taken full advantage of the power
saving opportunities these transformers offer.

When testing amorphous core transformers in the field, the power to
the transformer had to be shut down, and all primary and secondary leads
removed. The secondary leads were removed to completely isolate the
transformer from any other electrical circuits. In every case, this
resulted in a complete power outage in the test area. Power outages
needed to be incorporated into the testing schedule, and time limits
observed when testing the equipment. PWC Pearl Harbor scheduled and
provided NCEL with a 4-hour power outage for each transformer tested.
Frequently, the testing was accomplished in less than half of that time.

NCEL used the following test procedure for each transformer:

1. A high-voltage electrician would shut down the power to the
transformer under test.

2. A1l primary and secondary leads were removed from the
transformer under test.

3. NCEL personnel then tested the transformer.




4. A1l primary and secondary leads to the transformer were then
reconnected.

5. The high-voltage electrician then switched the high voltage
back on the primary of the transformer.

In addition to showing no indications of degradation in performance
of magnetic properties, none of these eight amorphous core transformers
have required any maintenance or repair. Although the periodic testing
of these transformers has been discontinued, they are still in operation
today and are expected to continue providing reliable service for the
next 20 to 30 years.

Equipment Used

The core loss and exciting current performance of the amorphous
core transformers required test equipment of known accuracy. This test
equipment, as pictured in Figure 8, was periodically calibrated and the
calibration results are traceable to the National Bureau of Standards in
accordance with MIL-STD-45662.

Because of the very nature of the tests, the transformers being
installed at eight different locations around the island of Oahu, re-
quired that all the test equipment be portable. This equipment was
purposely designed and selected by NCEL for transport by pickup truck
since three of the test sites were located on Ford Island and accessible
solely by ferryboat.

Two portable generators were used to conduct all installation and
later field site testing of the amorphous core transformers. The main
power source used throughout the test program was an Onan 7.5-kW 4-
cycle-2-cylinder vertical in-line, gasoline-driven, air-cooled, alter-
nating current generator (see Figure 9). This gen2rator was selected
because it could provide nine different three-phase output voltages,
which vary from 120/208 to 277/480 volts in both WYE and DELTA con-
figurations. The main purpose of this generator was to supply rated
voltage to the secondary of the transformer under test. Its starting
source is a 12-volt battery. Figure 10 shows the cover removed from the
throat of an amorphous core transformer exposing the secondary tabs
where rated voltage is applied during testing. The frequency of the
generator was continually monitored and, when required, adjusted to
exactly 60.0 Hz for all the different output voltages needed to conduct
the tests. A Simpson Model 2726 electronic counter was used to monitor
the output frequency of the 7.5-kW Onan generator while it was providing
rated voltage to the secondary of the transformer under test. This
piece of equipment is a very accurate solid state device with a six-
digit numerical display, which has a frequency range from 5 Hz to 32 MHz
with an accuracy of +0.001 percent tdigit.

The second generator, a Honda Model EG650-550 watt, four-stroke,
one cylinder air-cooled, gasoline-driven generator, was used to provide
power for the two test instruments. These {instruments include the
Simpson Model 2726 electronic counter and the very heart of the testing
program, the YOKOGAWA Model 2533 Digital Power Meter (see Figure 11).




This power measuring instrument primarily measures voltage, current, and
power in single- and three-phase circuits with an accuracy of +0.1 per-
cent of reading +0.1 percent of range within 44 to 66 Hz, over a fre-
quency range of 10 Hz to 20 KHz. Three values among measured or com-
puted values are simultaneously displayed; voltage, current, and power
of single-phase to three-phase 3-wire or three-phase 4-wire circuits.

When testing the three-phase amorphous core transformers using this
instrument, it was possible to obtain voltage, current, and power on
each phase of the transformer along with the total current and power of
the transformer under test. This was especially important since a
determination could be made concerning the distribution of the core loss
in each phase of the transformer.

A Model HT14K Digital Thermometer was used to monitor the ambient
air temperature. It has a range of -50 °F to 140 °F with an accuracy of
+0.75 percent to 1 °F.

A complete block diagram of the test program is shown in Figure 12.

CONCLUSIONS

The results of testing the three-phase amorphous core distribution
transformers at Pearl Harbor, Hawaii confirm the reliability and depend-
ability of these transformers. The 75-kVA three-phase amorphous trans-
formers showed a 62.6 percent reduction in core loss as compared to
silicon iron transformers, while the 150-kVA units showed a 70.1 percent
reduction (see Table 12).

Some of the new 150-kVA silicon-steel transformers that were in-
stalled at Pearl Harbor as part of the transformer replacement program
had no-load losses that were 78 percent higher than comparable amorphous
core units (Tables 9 and 10). Reductions in core losses as high as 90
percent were observed when comparing the new ultra efficient amorphous
core distribution transformers with similar older transformers that are
still in operation today at Pearl Harbor Hawaii (see Table 11).

Amorphous metal core distribution transformers are a reliable means
of reducing day-to-day operating costs. Although silicon-steel distri-
bution transformers are relatively efficient devices, the total annual
energy lost in their use is significant. This core loss is power that
must be supplied every hour of every day to these transformers.

Amorphous metals represent a major advance in transformer core
technology and the Navy has taken full advantage of this quantum step in
efficiency improvement with its test program at Pearl Harbor, Hawaii.

For further information on transformers, a list of related NCEL
technical documents is included as an appendix to this report.

FUTURE WORK

The main objective of the amorphous core transformer field tests
was to determine if there would be any change in no-load losses and
exciting current due to the aging of the amorphous core under normal
operating conditions over extended periods of time. Although the
periodic testing of these transformers has been discontinued, they are




still in service today, and based on the Timited data base that has been
acquired, are expected to continue performing for the normal expected
transformer life of 20 to 30 years.

Three-phase amorphous core transformers have only recently become
commercially available and the results of the field tests at Pearl
Harbor, Hawaii are the only field performance data that has been
acquired by the Navy thus far.

In order to obtain a larger data base from which to better evaluate
the performance of these transformers, NCEL would need to extend this
program to at least 5 years. This would require further testing in 1990
and 1991 on an annual basis.
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Table 1. 75-kVA Amorphous Transformer Performance on the
Distribution System at Ford Island (B-99)

Serial No. P180311TVB; Transformer No. LN 3519

a. Specifications

Station...... TF-9 Impedence........ 4.59% @ 85 °C
Type......... Three-Phase BIL-HV Winding...95 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ OA Weight........... 1,950 1b
HV........ ... 12,000 Liquid........... 90 Gallons,
LV.......o.e. 230 Mineral 0i}
Temp. Rise...65 °C Installed........ 10-21-87

b. Test Results

Test Date
Parameters Tested

10-20-87 5-16-88 6-13-89
RMS, Volts 230.43 230.60 230.40
AVG, Volts 230.32 230.40 230.30
No-Load Loss (W) - 47.50 46.80 47.30
Corrected No-Load 47.48 46.76 47.28
Loss to Sine-Wave
Basis (W)
Exciting Current (A) 0.2744 0.2577 0.2536
Exciting Current (%) 0.09 0.07 0.07
Ambient Air Temp. 85 °F 82 °F 82 °F
0i1 Temp. Inside 30 °C 28 °C 26 °C
Transformer
0i1 Temp. Inside 30 °C 28 °C 29 °C

Transformer (Max)
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Table 2. 75-kVA Amorphous Transformer Performance
on the Distribution System at Barbers
Point Naval Air Station (B-169)

Serial No. P180312TVB; Transformer No. LN 4307

a. Specifications

Station...... BP-B169 Impedence........ 4.46% @ 85 °C
Type......... Three-Phase BIL-HV Winding...60 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ 0A Weight........... 1,950 1b
HV........... 4,160 Liquid........... 89 Gallons,
LV......... .. 480 Silicone 0i1
Temp. Rise...65 °C Installed........ 10-20-87

b. Test Results

Test Date
Parameters Tested
10-20-87 5-19-88 6-15-89

RMS, Volts 480.03 480.03 480.10
AVG, Volts 478.82 479.00 478.40
No-Load Loss (W) 48.37 48.00 48.20
Corrected No-Load 48.27 47.87 48.03
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.1927 0.1830 0.1881
Exciting Current (%) 0.12 0.12 0.12
Ambient Air Temp. 85 °F 83 °F 85 °F
011 Temp. Inside 28 °C 30 °C 30 °C
Transformer
0i1 Temp. Inside 28 °C 30 °C 40 °C

Transformer (Max)




Table 3.

75-kVA Amorphous Transformer Performance on the

Distribution System at Ford Island (B-181)

Serial No. P180313TVB; Transformer No. LN 3571

a. Specifications
Station...... TD-10 Impedence........ 4.60% @ 85 °C
Type......... Three-Phase BIL-HV Winding...95 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ 0A Weight........... 1,950 1b
HV........... 12,000 Liquid........... 90 Gallons,
LV........... 230 Mineral 01
Temp. Rise...65 °C Installed........ 10-23-87

b. Test Results
Test Date
Parameters Tested
10-22-87 5-17-88 6-13-89
RMS, Volts 230.20 230.20 230.60
AVG, Volts 230.00 230.00 230.30
No-Load Loss (W) 51.20 49.90 50.30
Corrected No-Load 51.16 49.82 50.23
Loss to Sine-Wave
Basis (W)
Exciting Current (A) 0.2668 0.2611 0.2569
Exciting Current (%) 0.08 0.08 0.08
Ambient Air Temp. 84 °F 81 °F 85 °F
. 011 Temp. Inside 27 °C 28 °C 28 °C
Transformer
011 Temp. Inside 27 °C 32 °C 32 °C
Transformer (Max)
}
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Table 4. 150-kVA Amorphous Core Transformer Performance on the
Distribution System at the Naval Supply Center (S-959)

Serial No. P180323TVB; Transformer No. LN 2040

a. Specifications

Station...... K-28 Impedence........ 4.42% @ 85 °C
Type......... Three-Phase BIL-HV Winding...95 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ 0A Weight........... 2,700 1b
HV........... 12,000 Liquid........... 120 Gallons,
[ 208Y/120 Mineral 011
Temp. Rise...65 °C Installed........ 10-19-87

b. Test Results

Test Date
Parameters Tested
10-16-87 5-15-88 6-12-89

RMS, Volts 120.39 120.21 120.37
AVG, Volts 120.39 120.28 120.15
No-Load Loss (W) 86.68 86.50 88.50
Corrected No-Load 86.68 86.55 88.34
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.6185 0.5926 0.6997
Exciting Current (%) 0.09 0.08 0.09
Ambient Air Temp. 86 °F 87 °F 84 °F
0i1 Temp. Inside 28 °C 32 °C 30 °C
Transformer
011 Temp. Inside 28 °C 32 °C 32 °C

Transformer (Max)
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Table 5. 150-kVA Amorphous Core Transformer Performance on the
Distribution System at the Naval Shipyard (Bldg-166)

Serial No. P180324TVB; Transformer No. LN 4433

a. Specifications

Station...... Bldg 166 Impedence........ 4.45% @ 85 °C
Type......... Three-Phase BIL-HV Winding...95 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ 0A Weight........... 2,800 1b
HV........... 12,000 Liquid........... 120 Gallons,
LV......... .. 208Y/120 Silicone 0il
Temp. Rise...65 °C Installed........ 10-25-87

b. Test Results

Test Date

Parameters Tested

10-26~87 5-11-88 6-8-89
RMS, Volts 120.12 120.17 120.60
AVG, Volts 120.19 120.31 120.70
No-Load Loss (W) 86.36 85.74 86.80
Corrected No-lLoad 86.41 85.80 86.88
Loss to Sine-Wave
Basis (W)
Exciting Current (A) 0.6046 0.5859 0.5986
Exciting Current (%) 0.08 0.08 0.08
Ambient Air Temp. 87 °F 81 °F 85 °F
0i1 Temp. Inside 27 °C 26 °C 25 °C
Transformer
011 Temp. Inside 27 °C 28 °C 25 °C

Transformer (Max)
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Table 6. 150-kVA Amorphous Core Transformer Performance
on the Distribution System at Ford Island (S-258)

Serial No. P180325TVB; Transformer No. LN 3533

Specifications
Station...... TC-7 Impedence........ 4.54% @ 85 °C
Type......... Three-Phase BIL-HV Winding...95 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ OA Weight........... 2,700 1b
HV........... 12,000 Liquid........... 120 Gallons,
LV........... 208Y/120 Mineral 011
Temp. Rise...65 °C Installed........ 10-18-87

b. Test Results
Test Date
Parameters Tested

10-17-87 5-12-88 6-16-89
RMS, Volts 120.39 120.07 120.00
AVG, Volts 120.33 119.94 119.80
No-Load Loss (W) 91.62 90.30 89.53
Corrected No-lLoad 91.58 90.31 89.36
Loss to Sine-Wave
Basis (W)
Exciting Current (A) 0.6634 0.6200 0.6262
Exciting Current (%) 0.09 0.09 0.09
Ambient Air Temp. 87 °F 81 °F 84 °F
011 Temp. Inside 30 °C 32 °C 32 °C
Transformer
0i1 Temp. Inside 30 °C 34 °C 33 °C

Transformer (Max)
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Distributiion System at the Naval Shipyard (B-393)
Serial No. P180326TVB; Transformer No. LN 2016

a. Specifications

|
|
|
: Table 7. 150-kVA Amorphous Core Transformer Performance on the
|

Station...... c-11 Impedence........ 4.50% @ 85 °C
Type......... Three-Phase BIL-HV Winding...95 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ 0A Weight........... 2,700 1b
HV........... 12,000 Liquid........... 120 Gallons,
LV........... 208Y/120 Mineral 011
Temp. Rise...65 °C Installed........ 10-19-87

b. Test Results

Test Date
Parameters Tested
10-17-87 5-14-88 6-10-89

RMS, Volts 120.41 120.28 120.51
AVG, Voilts 120.41 120.32 120.38
No-Load Loss (W) 85.64 85.21 84.00
Corrected No-Load 85.63 85.23 83.92
Loss to Sine-Wave

Basis (W)

Exciting Current (A) 0.6253 0.6306 0.5852
Exciting Current (%) 0.09 0.09 0.08
Ambient Air Temp. 86 °F 81 °F 84 °F
0i1 Temp. Inside 26 °C 28 °C 27 °C

. Transformer

011 Temp. Inside 26 °C 28 °C 28 °C

Transformer (Max)




Table 8.

150-kVA Amorphous Core Transformer Performance

on the Distribution System at Barbers Point
Naval Air Station (B-91)

Serial No. P180327TVB; Transformer No. LN 4125

a. Specifications
Station...... BP-B91 Impedence........ 4.47% @ 85 °C
Type......... Three-Phase BIL-HV Winding...60 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ 0A Weight........... 2,550 1b
HV........... 4,160 Liquid........... 120 Gallons,
LV........... 480 Mineral 011
Temp. Rise...65 °C Installed........ 10-20-87

b. Test Results
Test Date
Parameters Tested
10-19-87 5-18-88 6-17-89

RMS, Volts 480.20 480.70 480.83
AVG, Volts 480.25 478.83 479.05
No-Load Loss (W) 87.18 88.64 88.43
Corrected No-load 87.21 88.33 88.07
Loss to Sine-Wave
Basis (W)

Exciting Current (A) 0.3409 0.3427 0.3465
Exciting Current (%) 0.11 0.11 0.11
Ambient Air Temp. 90 °F 85 °F 86 °F
011 Temp. Inside 30 °C 32 °C 32 °C
Transformer
0i1 Temp. Inside 30 °C 33 °C 33 °C

Transformer (Max)
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Table 9.

Conventional 150-kVA Silicone Steel Transformer

Spare Unit in Bldg. 166 (Manufactured in 1987)

Serial No. 87-51079-B; Transformer No. Spare

a. Specifications

Station...... Bldg. 166
Type......... Three-Phase
Frequency....60 Hertz
Class........ 0A
HV........... 2,400
LV........... 208Y/120

Temp. Rise...65 °C

Impedence........ 4.15%
BIL-HV Winding...95 kV
BIL-LV Winding...30 kV

Weight........... 2,575 1b

Liquid........... 100 Gallons,
Silicone 0il

Installed........ 5-19-88

b. Test Results

Parameters Tested

Test Date, 5-19-88

RMS, Volts
AVG, Volts
No-Load Loss (W)

Corrected No-Load Loss
to Sine-Wave Basis (W)

Exciting Current (A)
Exciting Current (%)
Ambient Air Temp.

0il Temp. Inside
Transformer

0il Temp. Inside
Transformer (Max)

120.5
120.1
405.00
404 .35

2.909
0.23

84 °F
28 °C

28 °C
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Table 10. Coventional 150-kVA Silicone Steel Transformer
Spare Unit in Bldg. 166 (Manufactured in 1987)

Serial No. 87-51079-E; Transformer No. Spare

a. Specifications

Station...... Bldg. 166 Impedence........ 4.38%
Type......... Three-Phase BIL-HV Winding...95 kV
Frequency....60 Hertz BIL-LV Winding...30 kV
Class........ 0A Weight........... 2,400 1b
HV........... 12,000 Liquid........... 97 Gallons,
LV........... 208Y/120 Silicone 011
Temp. Rise...65 °C Installed........ 5-19-88

b. Test Results

Parameters Tested Test Date, 5-19-88
RMS, Volts 120.1
AVG, Volts 120.0
No-Load Loss (W) 402.00
Corrected No-Load Lloss 401.68
to Sine-Wave Basis (W)

Exciting Current (A) 1.956
Exciting Current (%) 0.16

Ambient Air Temp. 84 °F
0i1 Temp. Inside 30 °C
Transformer

011 Temp. Inside 30 °C

Transformer (Max)
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Table 11. Conventional 150-kVA Silicone Steel Transformer
on the Distribution System at the Naval Shipyard
(World War II Vintage)

Serial No. 65543; Transformer No. LN 3563-E-09436

a. Specifications

Station...... E-9 Impedence......... 3.5%
Type......... C Weight............ 4,770 1b
Frequency....60 Hertz Liquid............ 158 Gallons
HV........... 12,000 Core & Coil....... 2,450 1b
LV........... 208Y/120 Tank & Fittings...1,150 1b

Temp. Rise...55 °C

b. Test Results

Parameters Tested Test Date, 9-17-88
RMS, Voits 120.45
AVG, Volts 120.01
No-Load Loss (W) 888.00
Corrected No-Load Loss 886.40
to Sine-Wave Basis (W)

Exciting Current (A) 7.974
Exciting Current (%) 0.64

Ambient Air Temp. 87 °F
0i1 Temp. Inside 43 °C
Transformer

011 Temp. Inside 45 °C

Transformer (Max)
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Wiring configuration when measuring voltage, current, and power
SOURCE LOAD

R
S
T

®

®

OOOE
Qo
OGO

AfD %
R o/
(Onan generator) Source v v Load (transformer under test)
T S (3'
+ +
Ay @ *
fA;\ v
AN_/ =

This wiring configuration was used to test the three-phase 3-wire amorphous core
transformers at the following locations throughout the island of Oahu.

Station Size Location

BP-B91 150 kVA Barbers Point Naval Air Station
BP-B169 75 kVA Barbers Point Naval Air Station
TF-9 75 kVA Ford Island

TD-10 75 kVA Ford Island

Figure 4. Power measurement of three-phase 3-wire system.
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Wiring configuration when measuring voltage, current, and power
SOURCE LOAD

P00
@®®<k
POO R

A /A'\ +
R \/1v
Load (transformer under test)
{Onan generator) Source .
T s % x
Vs
v /;\ \'4
P/
A‘ A ,*

This wiring configuration was used to test the three-phase 4-wire amorphous core
transformers at the following locations throughout the island of Oahu.

K-28 150 kVA Naval Supply Center
C-11 150 kVA Naval Ship Yard
TC-7 150 kVA Ford Island

Bldg 166 150kVA Naval Ship Yard

Figure 5. Power measurement of three-phase 4-wire system.
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sﬁ%

current transformer under test
O— @ o o e —0
ms
* voltage
average
voltage
no-load
excitation loss
current W
O— (A) ® O O
, ’ ms
® voltage e >
[} @
§ .§ open circuit
average @
voltage -
no-load
excitation loss
current
o——(B—toVe o
f , ms
voltage
voitage
O— O—e —0

NPORLN

Connect test equipment to secondary of transformer to be tested.
Guard high-voitage terminals of transformer. They will be energized.

. Apply rated secondary voitage to transformer.
. Record voitage indicated by rms responding voltmeter.
. Record voltage indicated by average responding voltmeter.

Record losses indicated by watimeter.
Correct losses to a sine wave basis.

Figure 6. Measuring the no-load loss of a typical three-phase 4-wire
amorphous core transformer at Barbers Point Naval Air
Statfon, Pearl Harbor, Hawaii.
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& “ .* & GENERATOR CONMECTION CONNECTIONS
a & & B < SCHEMATIC DIAGRAM
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Figure 7. Generator wiring and connection diagrams.
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Appendix

RELATED NCEL TECHNICAL DOCUMENTS ON TRANSFORMERS

NCEL Technical Note N-1801......... 25-kVA Amorphous Metal-Core
Transformer Developmental
Test Report

NCEL Techdata Sheet 90-01.......... Save Money By Procuring Energy-
Efficient Transformer

NCEL Contract Report CR 90.004..... Life Cycle Costs of Non-PCB
Distribution Transformer
Alternatives

NCEL Contract Report CR 90.010..... Evaluation of a 300-kVA
Amorphous Core Transformer

A-1




O

DISTRIBUTION LIST

AF 438 ABG/DEE (Wilson) McGuire AFB. NJ: 6550 ABG/DER. Patrick AFB. FL: Y2d CES'DCME. Fairchild
AFB. WA: AFIT/DET (Hudson). Wright-Patterson AFB. OH: AFTEDET. Wright-Patterson AFB. OH
! AF HQ ESD/AVMS. Hanscom AFB. MA: ESD/DEE. Hanscoin AFB. MA
! AFB 42 CES/DEMU (Drechsel). Loring AFB. ME: 82nd ABG'DEMCA. Williams AFB. AZ: HQ MAC DEEE.
Scuit AFB. IL
AFESC DEMM/us. Tyndali AFB. FL
ARMY d416th ENCOM. Akron Survev Tm. Akron. OH: CEHSC-FU-N (Krajewski). Ft Belvoir, VAL Ch of
Engrs. DAEN-CWE-M. Washington. DC:; Ch of Engrs. DAEN-MPU. Washington. DC: FESA-EM
(Karney). Ft Belvoir, VA HQ Europe Cmd. AEAEN-FE-U. Heidelberg, GE: HO. FEAK. EAFE-E-UE,
Yongsan. Korea: Kwajalein Atoll. BMDSC-RKL-C. Marshall Is: POJED-O. Okinawa. Japan
ARMY BELVOIR R&D CEN ATSE-DAC-LB. Ft Leonard Wood. MO
ARMY CERL CERL-ES (DL Johnson). Champaign. Ii.
ARMY CORPS OF ENGRS A. Azares. Sacramento, CA
ARMY DEPOT Letterkenny, SDSLE-EF. Chambersburg. PA: Letterkenny, SDSLE-EN. Chambersburg, PA
ARMY EHA HSHB-EW. Aberdeen Proving Grnd, MD
ARMY ENGR DIST LMVCO-A/Bentley. Vicksburg, MS: SAMEN-DS Davis. Mobile. AL
- ARMY ENGR DIV HNDED-SY. Huntsville. AL
ARMY EWES GP-EC (Webster), Viesburg, MS: WESGP-E. Vicksburg. MS
ARMY LMC Fort Lee. VA
ARMY MISSILE R&D CMD Ch. Docs. Sci Info Ctr. Arsenal. AL
ARMY MMRC DRXMR-SM (Lenoe). Watertown, MA
ARMY TRADOC ATEN-FE. Ft Monroe. VA
ADMINSUPU PWO. Bahrain
BUREAU OF RECLAMATION D-1512 (GS DcPuy). Denver. €O
CBC Code 10, Davisville. Rl: Code 15, Port Hueneme. CA: Code 155, Port fHlueneme. CA: Code 430,
Gulfport. MS; Code 470.2, Guifport. MS: PWO (Code 400). Gullport. MS: PWO (Code 80), Port Hueneme,
CA: PWO, Davisville, RI
CBU 405, OIC, San Diego. CA; 411. OIC. Norfolk. VA
CG FOURTH MARDIV Base Ops. New Orleans. LA
CINCUSNAVEUR London, UK
COMFAIR Med. SCE. Naples. ltaly
COMFLEACT PWO. Kadena, Japan: PWQO. Sascbo. Japan
COMNAVACT PWO, London. UK
COMNAVAIRSYSCOM AIR-714. Washington. DC: Code 422, Washington, DC
COMNAVLOGPAC Code 4318, Pearl Harbor. HI
COMNAVMARIANAS Code N4, Guam
COMNAVRESFOR Code 08. New Orleans. LA: Code 823, New Orleans. LA
COMNAVSUPPFORANTARCTICA DET. PWO. Christchurch, NZ
COMOCEANSYS Lant, Code N9Y. Norfolk. VA
DEPT OF STATE Foreign Bldgs Ops. BDE-ESB. Arlington. VA
DOD DFSC-FE, Cameron Station, Alexandria. VA
DOE Wind/Ocean Tech Div, Tobacco, MD
DTIC Alexandria, VA
DTRCEN Code 4111, Bethesda, MD; Code 4120, Annapolis. MD: Code 42, Bethesda MD: Code 4211,
Bethesda, MD
FAA Code APM-740 (Tomita). Washington. DC
FCTC LANT, PWO, Virginia Bch. VA
NSAP Science Advisor SCIAD (GS5). Camp HM Smith. HI
GIDEP OIC, Ccrona, CA
GSA Ch Engrg By, PQB, Washington, DC: Code PCDP. Washington. DC
LIBRARY OF CONGRESS Sci & Tech Div. Washington, DC
MAG 16, CO, MCAS Tustin, CA
MARCORBASE Code 4.01, Camp Pendieton. CA: Code 405. Camp Lejeunc. NC: Code 406, Camp Lejeunc.
NC; MARCORBASE/Facilities Coordinator. Camp Pendleton. CA: Maint Offr. Camp Pendicton, CA;
PAC, PWO, Camp Butler, JA; PWO. Camp Pendlcton. CA: Pac. FE. Camp Butler, JA
MARCORDIST 12, Code 4, San Francisco. CA
MCLB Code 555. Albany, GA
MCAS Code 1JD-31 (Huang). El Toro, CA: Code 3JA2, Yuma. AZ: Code LCU. Cherry Point. NC: El Toro.
Code 1JD, Santa Apa, CA. PWO, Kaneohe Bay. HI: PWO. Yuma. AZ
MCLB Maint Offr, Barstow. CA; PWO, Barstow, CA
MCRD PWO, San Diego, CA
MCRDAC AROICC, Quantico. VA: M & L Div Quantico, VA
NAF AROICC. Midway Island: Dir. Engrg Div. PWD. Atsugi. Japan: PWQ. Atsugi. Japan
NALF OIC, San Diego, CA




NAS Chase Fid. Code 18300, Beeville, TX: Chase Fid. PWO. Beeville. TX: Code 072E. Willow Grove. PA;
Code 110, Adak. AK: Code 163, Keflavik. lceland: Code 183, Jacksonville, FL: Code 1833, Corpus Christi,
TX: Code 187, Jacksonville. FL: Code 18700, Brunswick. ME: Code 6234 (C Arnold). Point Mugu, CA:
Code 70. Marietta, GA: Code 725, Marietta. GA: Code 8. Patuxent River. MD: Fac Mgmt Offc. Alameda,
CA: Memphis. Dir. Engrg Div. Millington. TN: Memphis. PWO, Millington. TN: Miramar. Code 1821A.
San Diego. CA: Miramar. PWQ. San Dicgo. CA: NI, Code 183, San Dicgo. CA: Oceana. PWO. Virginia
Bch. VA: PW Engrg (Branson). Patuxent River. MD: PWD (Graham). Lemoore. CA: PWD Maint Div.
New Orleans. LA; PWO (Code 182) Bermuda: PWO. Adak. AK: PWQ. Cecil Field, FL: PWO. Dallas. TX:
PWO. Glenview, IL: PWO. Keflavik, fceland: PWO. Key West. FL: PWO. Kingsville TX: PWQO. Moffet
Field. CA: PWO. New Orleans. LA: PWO, Sigonelta, ltaly: PWO., South Weymouth, MA: PWO. Willow
Giove, PA: SCE. Barbers Point. Hl: SCE. Cubi Point. RP: SCE. Norfolk. VA: Weapons Offr. Alameda.
CA: Whiting FId. PWO. Milton. FL

NAVAIRDEVCEN Code 832, Warminster. PA: Code 8323, Warminster. PA

NAVAIRENGCEN Code 1822, Lakchurst. NJ: Code 18232 (Collier), Lakehurst. NJ: PWO. Lakchurst, NJ

NAVAIRPROPCEN CO. Trenton, NJ

NAVAIRTESTCEN PWO. Patuxent River. MD

NAVAMPHIB BASE Naval Amphib Base - LC. Nortolk. VA

NAVAVIONICCEN PWO. Indianapolis. IN

NAVAVNDEPOT Code 61000, Cherry Point. NC: Code 630, Pensacola. FL: SCE. Norfolk. VA

NAVCAMS MED. SCE. Naples, Italy: PWO, Norfolk. VA: SCE. Wahiawa. HI: WestPac, SCE. Guam,
Mariana Islands

NAVCOASTSYSCEN CO. Panama City, FL: Code 423, Panama City, FL: PWO (Code 740). Panama City. FL

NAVCOMMSTA CO. San Miguel. R.P.: Code 401. Nea Makri. Greece: PWO. Exmouth, Australia

NAVCONSTRACEN Code D2A. Port Hueneme. CA

NAVELEXCEN DET, OIC. Winter Harbor, ME

NAVFAC Centerville Bch. PWO. Ferndale. CA: N62. Argentia. NF: PWO (Caode 50). Brawdy Wales, UK:
PWO. Oak Harbor. WA

NAVFACENGCOM Code 03, Alcxandria. VA Code 03R (Bersson). Alcsandria. VA: Code 03T (Essoglou).,
Alexandria. VA: Code 04A. Alexandria. VA: Code 4A1. Alexandria. VA: Code 04B3. Alexandria. VA,
Code U51A. Alexandria. VA: Code U83. Alexandria. VA: Code 163, Alexandria. VA: Code 1651,
Alexandria. VA: Code 1653 (Hanneman). Alexandria. VA: Code 18. Alexandria. VA

NAVFACENGCOM - CHES DIV. Code 112.1. Washington. DC

NAVFACENGCOM - LANT DIV. Br Ofc. Dir. Naples. ltaly: Code 111, Norfolk. VA: Code 1632, Norfolk,
VA: Code 403. Norfolk. VA: Code 405, Noctolk. VA

NAVFACENGCOM - NORTH DIV. CO. Philadelphia, PA: Code 04, Philadelphia. PA: Code 11. Philadelphia.
PA; Code 111, Philadeiphia. PA: Code 202.2, Philadelphia. PA; Code 408AF. Philadelphhia. PA

NAVFACENGCOM - PAC DIV. Code (YP. Pearl Harbor. HI: Code 2011, Pearl Harbor, HI

NAVFACENGCOM - SOUTH DIV. Code 04A3. Charleston. SC: Code 1021F. Charleston, SC: Code 403 (S,
Hull). Charleston. SC: Code 405, Charleston. SC: Code 406, Charleston. SC

NAVFACENGCOM - WEST DIV. (WP/20. San Bruno. CA; Code 04B. San Bruno. CA: Code 09B. San Bruno.
CA: Code 102. San Bruno. CA: Code 405, San Bruno, CA; Code 408.2 (Jeung) San Bruno. CA: Pac NW
Br Offc. Code C/42. Silverdale. WA: Pac NW Br Offc. Code /50, Silverdale. WA

NAVFACENGCOM CONTRACTS AROICC. Coleville. CA: AROICC. Quantico. VA: Code 922, Everett.
WA: DROICC. Lemoore. CA: North Bay. Code 1042 .AA. Vallejo. CA: OICC. Guam: OICC/ROICC,
Norfolk, VA OICC/ROICC. Virginia Beach. VA: ROICC (Code 495). Portsmouth. VA: ROICC. Corpus
Christi. TX: ROICC, Keflavik. Iceland: ROICC. Point Mugu. CA: ROICC, Twentynine Palms, CA: SW
Pac, OICC, Manila, RP

NAVFUEL DET OIC, Yokohama. Japan

NAVHOSP Hd. Fac Mgmt. Camp Pendleton, CA: SCE (Knapowski). Great Lakes. IL: SCE. Guam. Mariana
Islands;: SCE. Newport, RI; SCE. Pensacola. FL: SCE. Yokosuka. Japan

NAVMAG SCE. Subic Bay., RP

NAVMARCORESCEN LTIJG Davis, Raleigh, NC

NAVMEDCOM NWREG, Fac Engr. PWD. Oakland. CA: NWREG. Head. Fac Mgmt Dept. Ouakland. CA:
PACREG. Code 22. Barbers Point. HI: SWREG. SCE. San Diego. CA

NAVOCEANCOMCEN Code EES. Guam. Mariana Islands

NAVOCEANSYSCEN Code 524 (Lepor). San Dicgo. CA: Code 811, San Dicgo. CA

NAVORDSTA Code 0922B1, Indian Head. MD: PWO. Louisville, KY

NAVPGSCOL PWO, Monterey. CA

NAVPHIBASE PWO, Norfolk. VA: SCE. San Dicgo. CA

NAVRESCEN Dir. Fam Hsng, Sioux City. 1A

NAVSCSCOL PWO. Athens. GA

NAVSECGRUACT PWO (Code 40), Edzell. Scotland: PWO, Adak. AK

NAVSECSTA Code 60, Washington, DC

NAVSHIPREPFAC SCE. Yokosuka. Japan




NAVSHIPYD CO. Pearl Harbor. HI. Carr Inlet Acoustic Range. Bremerton, WA Code 30805, Pearl Harbor.
Hl1: Code 308.3. Pearl Harbor, HI: Code 382.3. Pearl Harbor. Hl: Code 420, Long Beach. CA: Code 440,
Portsmouth. NH: Code 443, Bremerton, WA: Code 453. Charleston. SC: Code 903, Long Beach. CA: Maure
Island. Code 202.13. Valtejo. CA: Mare Islund. Code 401, Vallejo. CA: Mare Island. Code 421, Vallejo.
CA: Mare Island, Code 453, Vallejo. CA: Mare Istand. Code 457, Vallejo. CA: Mare Istand. PWO,
Vallejo. CA: Norfolk. Code 440, Portsmouth. VA: Norfolk. Code 450-HD. Portsmouth. VA: PWO (Code
400). Long Beach. CA: PWO. Bremerton. WA: PWO. Charleston. SC

NAVSTA CO. Brooklyn. NY: CO. Long Beach. CA: Code ODA2. San Dicgo. CA: Code 423, FPBO
Guantanamo Bay: Code 423. Norfolk. VA: Code N4214. Mavport. FL: Dir. Engr Div. PWD. Guantanamo
Bay. Cuba: Engrg Dir. PWD. Rota. Spain: PWO. Mayport. FL: SCE. San Dicgo. CA: SCE. Subic Bayv. RP:
Util Engrg Offr. Rota. Spain: WC 93, Guantanamo Bay. Cuba

NAVSUPPACT CO. Naples. Italy: PWO. Naples. Ttaly

NAVSUPSYSCOM Code 0622. Washington, DC

NAVSWC Code E211 (Miller). Dahlgren. VA: Code W42 (GD Hapga). Dabhlgren. VA DET. White Ouk Lab.,
PWO. Silver Spring. MD: PWO, Duahlgren. VA

NAVTECHTRACEN SCE. Pensacola FL

NAVWARCOL Code 24, Newport. Rl

NAVWPNCEN AROICC. China Lake. CA: Code 2637. China Lake. CA: PWO (Code 266). China Lake. CA

NAVWPNSTA Code 092, Concord. CA: Code (92A. Scal Beach. CA: Code 193, Yorktown. VA: Dir. Muint
Control. PWD. Concord, CA: Earle. Code (92, Colts Neck. NJ: Earle, Code 0922, Colis Neek. NJ: Earle.
PWO (Code (9B). Colts Neck. NJ: PWO. Charleston, SC; PWO. Scal Beach. CA: PWO. Yorktown, VA

NAVWPNSUPPCEN Code (931. Cranc. IN: PWO. Crane. IN

NETC Code 42, Newport. RI: Code 46. Newport. RIl: PWO. Newport, Rl

NCR 20, CO

NEESA Code I11E (McClaine). Port Hueneme. CA: Code 113M. Port Hueneme, CA: Code 113M2. Port
Hueneme. CA

NMCB 3. Ops Ofir

NORDA Code 1121SP. Bay St. Louis. MS

NRL Code 2511, Washington. DC: Code 2530.1. Washington, DU: Code 4670 (B. Faraday). Washington. DC

NSC Cheatham Annex. PWO. Williamsburg. VA: Code 54.1. Norfolk. VA: SCE. Charleston. SC: SCE.
Norfolk. VA

NSD SCE. Subic Bay. RP

NUSC DET Code 44 (RS Munn). New London. CT: Code 5202 (S Schady). New London. CT

OCNR Code [114SE. Arlington. VA: Code 1234, Arlington. VA

OFFICE OF SECRETARY OF DEFENSE OASD (P&L). M. Carr. Washington. DC: OASD. (P&L)E (Wm H.
Parker). Washington. DC

PACMISRANFAC HI Area. PWO. Kekaha. HI

PHIBCB 1. CO. San Diego. CA: 2. CO. Norfolk. VA

PWC ACE (Code 110). Great Lakes. IL. ACE Office. Norfolk. VA: Code 0. Great Lakes, 1L: Code 10t
(Library), Oakland. CA: Code 101. Great Lakes. IL: Code 1011, Pearl Harbor. HI: Code 102, Oukland.
CA: Code 110, Oakland. CA: Code 30, Norfolk. VA: Code 400, Great Lakes. IL: Code 400, Oakland. CA:
Code 400, Pearl Harbor., HI. Code 412, San Dicgo. CA: Code 420, Great Lakes. 1L: Code 420, Oakland.
CA: Code 421 (Reynolds). San Dicgo. CA: Code 421, San Dicgo. CA: Code 422, San Diego. CA: Code 423,
San Diego. CA: Code 423/KJF. Norfolk. VA: Code 424. Norfolk. VA

PWC Code 430 (Kyi). Pearl Harbor, HI

PWC Code 430 (Kyi). Pearl Harbor. HI: Code 4450A (T. Ramon). Pensacola, FL: Code 50, Pensacola. FL:
Code 500, Great Lakes. IL: Code 500, Norfolk. VA: Code 50, Oakland. CA: Code 505A. Ouakland. CA;
Code 600, Great Lakes. IL: Code 610, San Diego. CA: Code 612, Pearl Harbor, HI. Code 615, Guam,
Mariana Islands: Code 616. Subic Bay. RP: Code 70, San Dicgo. CA: PWC. C-422, Peart Harbor. HI

SPCC PWO (Code 08X). Mechanicsburg. PA

SUBASE Bangor. PWO (Code 8323). Bremerton. WA: SCE. Pcarl Harbor. Hl

US DEPT OF HHS FDA (Fishery Rsch Br). Dauphin Island. AL

US DEPT OF INTERIOR BLM. Engrg Div (730). Washington. DC

USAFE DE-HFO. Ramstein AB. GE

USDA For Svc. Tech Engrs. Washington., DC

USNA Ch. Mech Engrg Dept. Annapolis, MD: Mech Engr Dept (C Wu)., Annapolis. MD: Mcch Engrg Dept
(Power). Annapolis. MD: PWO. Annapolis. MD

ARIZONA STATE UNIVERSITY Energy Prog Offc. Phocnix. AZ

BROOKHAVEN NATL LAB M. Steinberg. Upton, NY

CALIF MARITIME ACADEMY Library. Vallejo. CA

CITY OF AUSTIN Gen Svcs Dept (Arnold). Austin, TX

CONNECTICUT Policy & Mgmt. Energy Div. Hartford. CT

CORNELL UNIVERSITY Library. Ithaca, NY

DRURY COLLEGE Physics Dept. Springficld. MO

KEENE STATE COLLEGE Sci Dept (Cunningham). Keene. NH

LAWRENCE LIVERMORE NATL LAB FJ Tokarz. Livermore. CA: Plant Engrg Lib (L-654). Livermore. CA




LONG BEACH PORT Engrg Dir (Allen). Long Beach. CA

MAINE Energy Rscs Ofc. Augusta. ME

MISSOURI Nat Res Dept. Energy Div. Jefferson City. MO

MIT Engrg Lib. Cambridge. MA

MONTANA Energy Offc (Anderson). Helena, MT

NATL ACADEMY OF SCIENCES NRC. Naval Studies Bd. Washington. DC
NEW HAMPSHIRE Gov Energy Ofc. Asst Dir. Concord. NH

UNIV OF TENNESSEE CE Dept (Kane). Knoxville, TN

UNIVERSITY OF ALABAMA Dir Fac Mgmt (Baker). Birmingham. AL
UNIVERSITY OF HARTFORD CE Dept (Keshawarz), West Hartford, CT
UNIVERSITY OF NEW HAMPSHIRE Elec Engrg Dept (Murdoch). Durham. NH
UNIVERSITY OF NEW MEXICO NMERI (Legh). Albuguerque. NM
VENTURA COUNTY Deputy PW Dir. Ventura. CA

APPLIED SYSTEMS R. Smith. Agana. Guam

BECHTEL CIVIL, INC Woolston. San Francisco. CA

DILLINGHAM CONSTR CORP (HD&C). F McHale. Honolulu. HI
DURLACH. O'NEAL. JENKINS & ASSOC Columbia. SC

GRIDCO Ong Yam Chai. Singapore

SAUDI ARABIA King Saud Univ. Rsch Cen. Rivadh

TEXTRON, INC Rsch Cen Lib. Buffalo. NY

TRW INC Rodgers. Redondo Beach. CA

WESTINGHOUSE ELECTRIC CORP Library. Pitishurg. PA




INSTRUCTIONS

The Navai Civil Engineering Laboratory has revised its primary distribution lists. The bottom of the
labe! on the reverse side has several numbers listed. These numbers correspond to numbers assigned o
the list of Subject Categories. Numbers on the labe! corresponding to those on the list indicate the
subject category and type of documents you are presently receiving. If you are satisfied, throw this card

away (or fils it for later reference).
If you want to change what you are presently receiving:
e Dosleta -~ mark off numbaer on bottorn of label.
® Add - circle number on list,

e Remove my namse from all your lists - check box on list.

@ Change my address - line out incorract line and write In corraction (DO NOT REMOVE LABEL).

@ Number of copies should be entered after the title of the subject categories you select.
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DISTRIBUTION QUESTIONNAIRE
The Naval Civll Enginesring Laboratory Is revising its Primary distribution Ests.

e et e it S A

SUBRJSZCT VAT{EGOR!ES 28 ENERQY/POWER GENERATION
f_ o1 20 Therma! conservation (thermal enginesring of bulidings, VAL
3 HORE FACILITIES systems, ensrgy loss measurement, powsr generaticn)
12 Ccnstruction msthods and matorials (inciuding corrosion 30 Controle and electrical conservation (siectrical systems,
; control, voatings) snergy monitoring and control systemas)
(S Waterfront structuren (maintsnance/dstorioration. control) 31 Fue! flexibiiity {liquid fueis, coa! utiization. energy
4 ‘..':"}v:.eﬂ {including powsr conditioning) from solid waste)
5 CExplocives safety 32 Alternate energy source (geothermal power, photovoltaic
S Aviation Enginsering Tost Faclities power systems, solar systems, wind systems. energy storage
7 Firs pravention m\d tcontrol systemas)
3  Artsrna tschnology 33 Site data and systems integration {ensrgy resource data.
9 Strugtural anslysis and dasign lincluding numerical and energy consumption data, integrating energy systems}
computer techniques) 34 ENVIRONMENTAL PROTECTION
190 Protestve construction (including hsrdensd sheitsrs, 35 Hazardous waste minimization
shock and vibration studles) 35 Restoration of installations {hazardout waste)
11 So¥frock mechanics 37 Waste water management and sanitary sngineering
14 Alrfisids and pavermnsnts 38 Ol poliution removal and recovery
39 Alr poliution
15 ADVANCED BASE AND AMPHIBIOUS FACILITIES
15 Dasga faciies {inciuding sholters, power genaration, water 44 OCEAN ENGINEERING
supoisg) 45 Seafioor solis and foundations
17 Expsdisnt rogde/airfislds/bridges 48 Seafioor construction systams and operations < nchuding
18 Armphiblous cperations {including breakwaters, wave forces) diver and manipulator tocis}
'3 Crr-.,.s—%;ch operations (including contalnerization. 47 Underssa structures and materials
material transfer, lighterage and cranes) 48 Anchors and moorings
30 POL steorage, trensfer and distribution 49 Undersea power systems, slectromechanicsl cables,

and connectors
50 Pressure veesel faciities
51 Physical enviconment (inciuding site surveying)
§2 Ocean-based concrete structures
54 Undersea cable dynamics

YPE OF DOCUMENTS
‘5 Tec a3 Sheats 85 Technica! Rsports and Tschnical Notes 82 NCEL Guides & Abstracts D None-~
3 Tehlo cf Ccntents & index to TDS 91 Physical Security remove my nams:
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NCEL DOCUMENT EVALUATION
You are number one with us; how do we rate with you?

Woe at NCEL want to provide you our customer the best possible reports but we need your help. Therefore, | ask you
to pleasae take the time from your busy scheduie to fill out this questionnaire. Your response will assist us in providing
the best reports possible for our users. | wish to thank you in advance for your assistance. | assure you that the
information you provide will help us to be more responsive to your future needs.

R. N. STORER, Ph.D, P.E.

! Technical Director
DOCUMENT NO. TITLE OF DOCUMENT:
Date: Respondent Organization :
Name: Activity Code:
Phone: Grade/Rank:
Category (please check):
Sponsor User _____ Proponent Other (Specify)

Please answer on your behalf only; not on your organization's. Please check (use an X) only the block that most closely
describes your attitude or feeling toward that statement:

SA Strongly Agree A Agree O Neutral D Disagree SD Strongly Disagree

SAANDSD SAANDSD
- 1. The technical quality of thereport () () () () () [ 6. The conclusions and recommenda- () () () () ()
is comparable to most of my other tions are clear and directly sup-
. sources of technical information, ported by the contents of the
report.
2. ‘The report will make significant OO0000
improvements in the cost and or 7. The graphics, tables, and photo- OO0
performance of my operation. graphs are well done.
3. The report acknowledges related OO0O00
work accomplished by others. Do you wish to continue getting O O3
NCEL reports? YES NO
4. The report is well formatted. OO0
Please add any comments (e.g., in what ways can we
3. The report is clearly written. ) ) O O O | improve the quality of our reports?) on the back of this

form.
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